The protein mass of animal tissues is maintained by continuous balancing of the processes of protein synthesis and breakdown. This should not, however, be taken to imply that the rates of synthesis and breakdown are always equal, since even in a normal animal fluctuations in body and tissue protein content occur in response to the discontinuous intake of food. This is illustrated in Table 1 , which shows the rates of synthesis, breakdown and oxidation of protein by the whole body of obese women in both the fed and the fasting states. Measurements were made continuously by constant infusion of [ l-14Clleucine over a 24 h period. During the first 12 h the subjects were fed hourly, and for the remainder they fasted. When the diet contained a normal amount of energy (about 8.4MJ) and protein (about 70g) the rates of protein synthesis and oxidation were stimulated by feeding, but the rate of protein breakdown was depressed. The resultant effect of these changes is that during feeding there was net protein retention in the body tissues. Conversely, during fasting, a similar amount of protein to that retained during feeding was oxidized and lost from the body. We believe that the storage occurs by expansion of the protein content of one or more tissues, because the change in the concentration of free amino acid in the blood was insufficient to account for storage in this form (G. A. Clugston & P. J. Garlick, unpublished work). Table 1 . Whole-body protein metabolism in obese women Rates of whole-body protein turnover were measured in four obese women by constant infusion of [1-'4C]leucine for 24h periods, including 12 h of continuous feeding and 12 h of fasting, as described by Garlick et al. (1980~) . Measurements were made with the subjects receiving a normal diet and then after 3 weeks on a low-energy protein-free diet (data of Clugston & Garlick, 198 1 The response to feeding was different when a protein-free low-energy diet was given for 3 weeks ( Table 1) . Rates of protein synthesis and oxidation were much lower than rates on the normal diet, even than those observed during fasting. The rate of proteolysis, by contrast, was lower than that observed during fasting, but similar to that during feeding on the normal diet. The differences between the fed and fasting states, however, were completely eliminated by the protein-free diet, indicating the importance of dietary protein in the regulation of protein synthesis and breakdown in the whole body.
The responses of the whole body to food intake are the net result of different changes in protein synthesis and breakdown in individual tissues. The difficulty of sampling has limited our knowledge of separate tissues in man, but in experimental animals much more is known. Table 2 shows the fractional rates of protein synthesis (percentage of tissue protein renewed by synthesis each day) in a number of tissues of young rats on a normal diet, and the responses to starvation for 2 days and to a protein-free diet for 9 days. These estimates were made by (1975) were: in muscle, 6.0 (fed), 0 (starved) and -1.4 (protein-free) and in liver 6 (fed) 0 (starved) and -1 (protein-free). The proportion of liver synthesis that was exported was taken to be 38.2 (fed), 34.4 (starved) and 31.6 (protein-free) % (estimated from Pain et al., 1978a,b) . measuring the incorporation of label into protein during IOmin after a single intravenous injection of a massive dose (15Opnol/ lOOg body wt.) of [3H1phenylalanine (Garlick et al., 1980b) . The principle behind this technique is that the massive dose floods the free amino acid pool of the animal, so that all compartments (e.g. intracellular, extracellular, aminoacyltRNA) reach nearly the same specific radioactivity. The specific radioactivity of the free amino acid at the site of protein synthesis can then be measured without significant error arising from the compartmentation of free amino acid pools.
In the normally fed rat the rate of synthesis is characteristic of each tissue, with the extremes, gut mucosa and skeletal muscle, differing by a factor of about 7. Rates of proteolysis in these animals (shown in parentheses in Table 2 ) will be slower than rates of synthesis, both because the animals are growing (which would make breakdown less than synthesis by about 6%/day) and because some tissues (e.g. liver) are exporting protein which is not broken down within the same tissue. Thus the rate of proteolysis in the jejunum is about 1 1 times that in skeletal muscle, but it should be borne in mind that a part of gut proteolysis is extracellular because of secretion of protein and exfoliation of cells, which are then broken down in the lumen. It should be noted that a tissue such as skin, which has tended to be regarded as metabolically rather inert, has a rate of turnover which is relatively rapid compared with the other tissues.
Starvation for 2 days caused a decrease in the rate of synthesis in all tissues, but to a varying extent. Skeletal muscle was the most sensitive, with a 66% fall in synthesis, whereas the changes in jejunal mucosa, liver and skin were relatively small, about 20-25%. The changes with the protein-free diet were similar to those in starvation but slightly more pronounced, probably because of the longer period (9 days) on this diet.
The rate of breakdown of protein in tissues under different conditions is far more difficult to measure than synthesis. The classical approach is to label the protein by injecting a labelled precursor and then to follow its subsequent decay. One of the problems, re-incorporation of label after its release from labelled protein, can in general be avoided by appropriate choice of labelled precursor (see Waterlow et al., 1978) . A second problem, however, is the non-linear loss of label from wholetissue proteins when plotted on semi-logarithmic axes. This occurs because the tissue contains a mixture of proteins with different turnover rates, which cause the decay of label to be multiexponential . Although the decay curves can be analysed as multiexponentials to obtain mean rates of breakdown, this requires the decay to be measured over at least 6 days, even in rapidly turning-over tissues such as liver (Garlick ef al., 1976) . The decay method, therefore, has little practical value, except for purified proteins.
The method of measuring breakdown in uivo that has achieved most success recently is to measure the fractional rate of synthesis (k,) and the fractional rate of change of protein mass (k,). The fractional rate of breakdown (k,) is then given by: k, = k,-k,. The sources of error with this approach stem mainly from the difficulty in measuring accurate rates of change of protein mass, unless either very large groups of animals or long periods of time are used (see Waterlow et al.. 1978 ). An example of the calculation of k, in gastrocnemius muscle in fed, 2-day-starved and 9-day-protein-deprived rats is given in the legend to Table 2 . This shows that in both conditions the rate of breakdown is actually lower than in the well-nourished rat, as has been shown previously (Garlick et al., 1975; Millward ef a/., 1976) . This decreased rate appears to be related to the fact that protein is only lost from muscle at a very slow rate, or not at all. With a longer period of starvation (4 days) the rate of protein loss is greatly accelerated, and then the rate of protein breakdown is elevated (Millward et al., 1976) .
The same calculation cannot be performed for liver, since the measured rate of synthesis includes a 30-40% component for plasma proteins, which are exported from the liver and therefore do not contribute significantly to the change in protein mass. Estimates of this component in fed, starved and protein-deprived rats have been taken from the literature, and the calculated rates of protein breakdown are also shown in Table 2 . These calculations suggest that in liver protein breakdown is changed very little by 2 days of starvation or by 9 days of protein deprivation. As with muscle, this appears to be related to the fact that at the time chosen the rate of protein loss from the liver was very slow. However, it has been suggested that proteolysis in the liver is sensitive to acute changes in food intake. Food absorption appears to cause a depression in breakdown in meal-fed rats (Garlick et al., 1973) , and re-feeding of protein to protein-deprived mice caused an immediate and complete cessation of proteolysis (Conde & Scornik. 1976). Similarly. acute effects of increased concentrations of amino acids and insulin on proteolysis have been demonstrated in the perfused liver (Mortimore & Neely, 1975) .
Variations in dietary intake, therefore, both the short-term fluctuations of meal feeding and over longer periods of dietary deprivation, cause changes in the retention of protein in body tissues. The role of both synthesis and breakdown in controlling these changes in protein content can be demonstrated in the whole body of man, but experiments on rats show that the relative contributions on these two processes may vary between tissues and with the time scale of the dietary change.
We are indebted to the M.R.C. and the Wellcome Trust for financial support.
